Purpose To evaluate the risk factors associated with optic disc haemorrhage in patients with normal tension glaucoma (NTG). Patients and methods Two hundred and eighty-one eyes of 281 patients with NTG (113 eyes with optic disc haemorrhage and 168 eyes without haemorrhage) were included in this study. Associations between optic disc haemorrhage and various patient-related variables (diabetes; hypertension; hypotension; cardiac disease; stroke; cold hand; migraine; constipation; use of steroids, aspirin, anticoagulant, or gingko extract; smoking history; and glaucoma family history) and eye-related variables (baseline intraocular pressure (IOP); maximum, minimum, and range of IOP; vertical and horizontal cup/disc ratio; mean deviation and pattern standard deviation of the visual field; corneal thickness; and average retinal nerve fibre layer (RNFL) thickness measured by optical coherence tomography) were investigated by univariate and multivariate logistic regression analyses. Differences in risk factors between patients with single optic disc haemorrhages and recurrent haemorrhages were also analysed. Results Optic disc haemorrhage was associated with systemic hypertension (odds ratio, 1.998; 95% confidence interval, 1.094-3.651; P ¼ 0.001). IOP range (P ¼ 0.080), diabetes (P ¼ 0.056), and use of aspirin (P ¼ 0.079) also tended to be associated with optic disc haemorrhage. No risk factor was significantly different between the single haemorrhage group and the recurrent haemorrhage group.
Introduction
In normal tension glaucoma (NTG), optic disc haemorrhage is known to be a significant negative prognostic factor. 1 The haemorrhage typically shows a flame-or splinter-like shape at the border of the optic disc. 2, 3 In early glaucoma, haemorrhage is usually located in inferotemporal or superotemporal optic disc regions. Localized wedge-shaped defects of the retinal nerve fibre layer (RNFL) are significantly associated with optic disc haemorrhage in both NTG and primary open angle glaucoma (POAG) patients. 4 It is not clear, however, whether RNFL defects result from or cause optic disc haemorrhages. Neuroretinal rim notches and corresponding field losses are also associated with RNFL defects. 2, [5] [6] [7] Optic disc haemorrhage is rare in normal eyes and is a strong diagnostic clue for the presence of glaucomatous optic disc damage, even if the visual field is normal. 8, 9 Some studies have suggested associations between optic disc haemorrhage and certain risk factors, 8, 10, 11 but most studies included few or no NTG cases. As it is considered that optic disc condition is one of the most important prognostic factors for NTG, we sought to identify risk factors associated with optic disc haemorrhage in NTG patients. A recent study reported that the prevalence of NTG (in 92% of POAG patients) in far-east Asia is much higher than elsewhere. 12 Thus, identification of disc haemorrhage risk factors is particularly important in Korea.
The purpose of this study was thus to evaluate haemorrhage risk factors in NTG patients by examination of systemic, ophthalmic, social, and habitual factors.
Materials and methods
This study adhered to the tenets of the Declaration of Helsinki and was approved by our Institutional Review Board. From 2 February 2007 to 31 August 2007, NTG patients were enrolled to complete the prospective study questionnaire after giving informed consent. All patients were diagnosed with NTG at the Glaucoma Clinic, Seoul National University Hospital, and were followed up for at least 1 year. Study questionnaires were completed in clinic, by telephone, and by mail. Medical records were retrospectively reviewed. Inclusion criteria were (1) intraocular pressure (IOP) lower than 21 mm Hg by Goldmann applanation tonometry, without medication; (2) glaucomatous optic disc change, such as notching or thinning of the neuroretinal rim, an acquired pit in the optic nerve, and/or an RNFL defect; (3) a correlated visual field defect, with mean deviation (MD) better than À15 dB, as measured by the central 30-2 program of the Humphrey Field Analyzer (Carl Zeiss Meditec Inc., Dublin, CA, USA); and (4) a normal open angle by gonioscopy. Exclusion criteria were (1) concomitant ocular disease that might lead to non-glaucomatous optic disc haemorrhage, (2) high myopia (more than six diopters), (3) severe cataract(s) that might affect visual field MD, (4) severe visual field defect(s) with MD worse than À15 dB, and (5) suspicion of glaucoma, such as large disc cupping without obvious RNFL or visual field defects. We enrolled patients with diabetes and hypertension who did not have severe diabetic or hypertensive retinopathy. Patients were divided into a haemorrhage group, in which optic disc haemorrhage had occurred at least once during the follow-up period, and a non-haemorrhage group. A disc haemorrhage was defined as an isolated flame-shaped or splinter-like haemorrhage on the optic disc or peripapillary area extending to the border of the optic disc. Recurrent haemorrhage was defined as enlargement of an earlier disc haemorrhage or a new disc haemorrhage that arose elsewhere. Only one eye was randomly chosen if a patient had disc haemorrhages in both the eyes in the haemorrhage group, or NTG in both the eyes in the nonhaemorrhage group.
Two hundred and eighty-one patients (281 eyes) with NTG were enrolled; 113 eyes with disc haemorrhage and 168 eyes without haemorrhage. Questionnaire items were patient-related variables: presence of diabetes, systemic hypertension, hypotension, cardiac disease, stroke, cold hand, migraine, constipation, smoking history, glaucoma family history, earlier ocular surgery, earlier ocular trauma, and use of steroid, aspirin, anticoagulant, or gingko extract. Reviewed eye-related variables were baseline IOP, maximum and minimum IOPs, IOP range (the difference between maximum and minimum IOP), vertical and horizontal cup/disc ratios, MD and pattern standard deviation of the visual field, central corneal thickness, and average RNFL thickness as measured by Stratus optical coherence tomography (Carl Zeiss Meditec). Patient-and eye-related data taken at the earlier time closest to the first haemorrhage were used, except for IOP data. Baseline IOP was measured before commencement of glaucoma medication. Maximum and minimum IOPs were measured at regular follow-up periods, and data from the follow-up session before the first haemorrhage were taken. In patients who had experienced earlier refractive surgery, measured IOPs were corrected to reflect altered central corneal thicknesses. No patient among earlier ocular trauma cases showed angle recession.
Logistic regression analysis was used to identify risk factors for optic disc haemorrhage. Logistic regression analysis (only) was used to determine factors related to frequency of haemorrhage. Each variable was initially evaluated by univariate analysis and significant variables Figure 1 Patient follow-up duration. The mean follow-up interval for all patients was 2.9 ± 1.1 months (range 1-10 months) and most patients visited our clinic every 2-4 months.
(Po0.1) were included in multivariate regression. The statistical analyses were performed with SPSS software, version 12.0 (SPSS Inc., Chicago, IL, USA).
Results
The mean patient age was 59.1±11.6 years and mean follow-up time was 6.4 ± 2.5 years. The mean follow-up interval for all patients was 2.9 ± 1.1 months (range 1-10 months), and most patients visited our clinic every 2-4 months (Figure 1 ). Disc examinations were performed directly, or by disc photography, whenever patients visited our clinic. Demographic and baseline data are shown in Table 1 . In the optic disc haemorrhage group, 87 patients had single haemorrhages and 26 recurrent haemorrhages. By logistic univariate regression analysis, more patients with optic disc haemorrhages had systemic hypertension than did patients without haemorrhages; the difference was statistically significant (P ¼ 0.001). IOP range (P ¼ 0.080), diabetes (P ¼ 0.056), and use of aspirin (P ¼ 0.079) tended to be associated with disc haemorrhage (all P-values were below 0.1), but did not reach statistical significance (Table 2) . Logistic multivariate regression analysis using selected variables showed that only systemic hypertension was significantly associated with optic disc haemorrhage, with an odds ratio of 1.998 (95% confidence interval 1.094-3.651) ( Table 3) .
There was no factor significantly associated with logistic univariate regression analysis between the single Positive answers/total answers (%).
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optic disc haemorrhage group and the recurrent haemorrhage group (Table 4) .
Discussion
In the earlier studies, the prevalence of optic disc haemorrhage in NTG patients varied from 11 to 42%. 3, [13] [14] [15] [16] The aetiology of optic disc haemorrhage is still unclear, but many studies have shown that glaucoma is associated with haemorrhage. Rim notching, RNFL defects, and visual field deterioration are suspected to be associated with optic disc haemorrhage. 2, [17] [18] [19] [20] [21] [22] Several studies have attempted to discover factors associated with disc haemorrhage in glaucoma patients and have suggested hypertension, 2, 8 diabetes, 2, 8, 11 increasing IOP, pseudoexfoliation, 8 and use of aspirin, 11 as significant. In this study, we propose a relationship between systemic hypertension and optic disc haemorrhage. The IOP range, presence of diabetes, and use of aspirin were also implied as probable risk factors by univariate logistic regression analysis, but not on multivariate regression. Healey et al 8 reported that diabetes, hypertension, higher IOP, and higher systolic blood pressure were associated with open angle glaucoma and, especially, that higher IOP, diabetes, and hypertension were strongly associated with NTG. Soares et al 11 also showed that diabetes and use of aspirin were Positive answers/total answers (%).
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Eye risk factors in patients with POAG. Optic disc haemorrhage can be caused not only by ischemic microinfarction in the optic disc, but also by mechanical rupture of small blood vessels arising from structural changes at the level of the lamina cribrosa. 2, 23, 24 As vasculopathy associated with systemic hypertension and diabetes can cause microinfarctions and ischemic changes in optic disc vessels, making these vessels vulnerable to mechanical rupture, 25 it is logical that such microvascular diseases are correlated with optic disc haemorrhage in NTG patients.
Any association between optic disc haemorrhage and systemic hypertension is still controversial. Several earlier studies reported an effect of systemic hypertension on optic disc haemorrhage, 8, 26 but other reports could not confirm such a link. 11, 27, 28 In one of our earlier studies we suggested the probability of a common vascular pathophysiology shared by branch retinal vein obstruction (BRVO) cases and NTG patients with optic disc haemorrhage. 29 In that work, we showed a 50% incidence of disc haemorrhage in patients with both NTG and BRVO, which was higher than seen in earlier studies; most of our patients had systemic hypertension. Moreover, the pathogenesis of NTG is thought to be associated with vascular ischemia in the optic nerve head rather than mechanical disruption of the nerve head caused by high IOP. 30 These results lead us to suggest that some NTG subgroups show higher frequencies of disc haemorrhage than do patients with other types of glaucoma, and, in this study, we show that hypertension is a strong risk factor for optic disc haemorrhage in NTG patients.
We also found that aspirin use tended to be associated with optic disc haemorrhage. Aspirin prevents thromboxane A2 production, which, in turn, promotes platelet aggregation by inhibition of cyclo-oxygenase. Therefore, aspirin use can increase the risk of optic disc haemorrhage and also the time needed to absorb the haemorrhage. These factors increase the probability that optic disc haemorrhage will be detected during followup. Another possible explanation is that patients using aspirin are more likely to have vascular diseases that can further the development of optic disc haemorrhage; in our study, however, earlier cardiac disease and stroke history were not associated with optic disc haemorrhage.
Some investigators have reported that hypotension, especially nocturnal arterial hypotension, may lead, through ocular hypoperfusion, to progression of NTG. [31] [32] [33] In this study, however, no relationship between hypotension and optic disc haemorrhage was found. We found no differences in risk factors between the single optic disc haemorrhage group and the recurrent haemorrhage group.
Kitazawa et al 34 reported that optic disc haemorrhages usually persisted for 2-35 weeks, with an average of 10.6 weeks. Most of our patients were followed up at 2-4 month intervals, but we cannot exclude the possibility that we may have missed some haemorrhages that occurred between follow-up appointments.
In conclusion, our study showed that NTG patients with systemic hypertension were at higher risk for development of optic disc haemorrhages. Patients with diabetes and those using aspirin might also be at higher risk. These findings suggest that systemic hypertension, diabetes, and use of aspirin may be associated with deterioration of NTG. A further study is required to explore the pathological details of optic disc haemorrhages and the pathophysiological association between hypertension and such haemorrhages.
